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COUNTDOWN TO THE RISE OF
AN ARTIFICIAL INTELLIGENCE?




PERCEPTION OF Al

The Mecha David in “A. I. Artificial Intelligence” (Spielberg, 2001)



PERCEPTION OF Al

Terminators after the rise of Skynet “Terminator IlI” (Mostow, 2003)



CYBERNETICS
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| HUMAN USE
HUMAN BEINGS

NORBERT WIENER

Mochnes con do routine menmpl jobs beter
then any man. The entroined mind s ¢ dng
on e mavket. A leoder of the new scientific
reveiution teily Aow ond why

Dr. Wiener has incorpovoted importont new
ducoveret Aot Mave been mode since the
frst edbvan of this bosk

“It is the world of tomorrow thet D,
1 Wieser represents.” Ten oasrnen
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Norbert Wiener, 1894-1964 1947 1950



CYBERNETICS
NON-LINEAR SYSTEMS

Input-output




MACHINES IN POP CULTURE,
1940-1950

Electro, crime-fighting robot (Marvel, 1940)



WIENER’S VISION

Wiener’s insights
. problem-solving machines
2. machines making machines

3. acceleration of progress in making machines



WIENER’S VISION

Wiener’s insights
1. problem-solving machines

2. machines making machines

5. acceleration of progress in making machines



SOLVING PROBLEMS
WITH MACHINES

Mechanical Turk chess-playing automaton, circa 1770



FATHERS OF Al

Dartmouth Conference: The Founding Fathers of Al

y £ ‘ s 34

John McCarthy Marvin Minsky Claude Shannon Ray Solomonoff

Alan Newell Herbert Simon  Arthur Samuel

And three others...
Oliver Selfridge

(Pandemonium theory)

Nathaniel Rochester
(IBM, designed 701)

Trenchard More
(Natural Deduction)

Dartmouth Summer Research Project on Atrtificial Intelligence (1956)



THE LOGIC THEORIST
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THE LOGIC THEORIST




GENERAL PROBLEM SOLVER

Computer program that solves any problem t
be expressed with well-formed formulas (Ho
Clauses)

e JTowers of Hano1

* Euclhidean Geometry



SOLVING PROBLEMS
WITH MACHINES

Stalin vs Truman



SOLVING PROBLEMS

WITH MACHINES
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Chye New Work Times

Computer Gains on Chess Master

By MALCOLM W. BROWNE
Ia 188, David Levy, & British [nter
rations] chesa masier, bt & goup of
compunty experts 1250 pounds that
the decade Dhat lollowed no cheas-playag
computer could Seat Bim. Thiy year, Mr.
Levy expects 19 collect his wiger, but It
5 taning out 40 be 8 much cleser rice

an many had imagned peasble
Chomnplayieg shill & widely regacded
a5 A Rptimale gauge of at least e
apect of hamas iatelligence. Maost heman

chess maMers dad Jong bDelloved that
al computers Oould rapidly wft
the  escrmows nember of PO

blises, machings lacked certxia Quals
thes wisal 50 real manlery of The pame.

meligencs s be revised
Lavy wi, Chess 50
The mas.versetmachire controveryy
(s yeor will center o (we conipcacss
antagon sis
i Mr, Levy, & J2.year old Lom-
domer who writes chess books and s
dasfiod a 3 “weak™ misrsatonal
nae—ore of e few dusdred best
chews playery in the world
Owou'z him will Be a ¢ pee-
gram calied “Chess 5.0 by David
J. Slate, a Jdgyearold comguier expert
of Northweilern Usiversity, in Evaasion,
NL Me. Slate's peagrem, a3 soed o2 &
powerful Control Data Corporation Cyber
196 computer, is alio among the sversl
puadred best chess players i Lhe workd
In sepirale cerviews, Me. Sl and
Mr. Levy agreed that Mr. Levy would
poobably bewt the competer @ & tisal
match, which N;hh played B2 Aupest

at the Camadian Nationa] Expodilion In
Tecomlo.

¥ se, Mr. Levy will win 1,290 pousds
(about $3400) from four professers In
computer L Michie of
Ldishergh Ushversay, Seymeur Papert
of Mussachusetls Insttete of Technology.
Jobn MeCarthy of Staa Uaiversiny,

and Bdward Koudeowiski of Princeton
University. Me a%0 hopes 10 seceive
large royaltios from television coverage,

Reforving 10 the Northwesiemn com-
puter group Mr. Lavy saMd: “Unless they
make Some Maor SEEOOVemaTas Ia their
Chess “.’IQM my chances are good.
Thay don't 3ave % pet mexch better o

samest (8 Cali'ormia atiracted some 700
costestanty, ncindng” My, Shte’s pro-

ram, which was entered in B Class 5

i ageisat 128 good amabiur play-
ers. The computer esslly weon all 2
£Aas 10 take a $T30 praze, which North.
wesiers had agreed In sdvaace 1o fo
Loaguish. '

In Febewary 1977, Chess 46 entered
the Misnesots Open Tosrsament, play-
ing ageinat some hghly rasked oppon-
el

Chest 4.5 won the tournawmnt § te 1,
(merging with an official retiag of 2271
~a chis masler,

Deleated Soviet Program

The Chemn Aaﬁwlnum&yvﬂ
Beit in the war Last year it easly
defesiad The Soviet “Kamsa™ program I8
Torenio, 4 10 §

Mr. Levy and Mr, Shate agree that
evertually computer progravs will sec-
cessfully challenge evea grand masmers

Prosectag friendly pldes and atack-
g oppealag pleces ase the maa odjects
of e compuler program, De sad, asd
the program i weak in planmiag »3:
range slralegy and subdle positiosal

wartages.
Devising Champlon computer Chiss

poograms, dfficuis as R In, Is vasly
simpler than other pooblems fasing ex-
ports In artificiad inteligence, Mx. Slate
and other cxpens saM.

The single biggat problem mew fa In
gvap y natzeal laguige abllity
wdbe ability to comverse with ustsnised
Purrans in Roman hingsdge.

Grosping computer memory dats I
tarmes of “Tramed”—adsociative scesarion
sach oy “erdering & meal Al A restewraat”
or “pasticpstiag in & fertdity site"e
is oo of the rew tachriques Compuier
eperis  are  pemikulinly  eaBhaniasto
aboul

“Framed blformusion wil e vastly
caser 99 melsitve, they say, and will te
availadie in forma mch clote 1o buman
aswociative recall

While compueler scienthits are deeply
divided over Ut Question of whether
thire can be real aruficial intelligence,
mast of those Interviewed agreed thal
the so<called Turing test cocld eveatually
seille he argumne.

The Lest is named for the late Eaglish
malhemalicien Alan  Mathacn frnt
who proposed it 0 the Jte 1940,
the Lesl, & heman iy scated at a Wieoen-
usications keyboked, which he ules %
converse for a hall hour wilh & computar,
Me may ssk any quesiion, encepl sk

asthrepirrorphe #mmm a
“What color ace your ey

I after the sissitn 1he daman Is wn-
shie tp decide whether N nteriocuter
% human or machine, the machise may
Be said 10 Pave baman nisligence, M-
cording 10 e Dest

One leading computer axpere, Dr. Hans
Beriner of Camsegie-Melion Usiversity,
aaserts 1hat wach & machine aleeady part-
Iy exises In the form of the “Chess 467

program,

“Most hess playery are defeated by
the machine and wery, very few players
would sk moscy bettiag whether (hey
\ummvznn-ﬁu«nn
chise in thn case” be said.

e
Werbert Biemstock, regional come
Bereau of Labor StaSistics

Busy Biens
Notes Big
Brbres

David Levy vs Chess 4.6, 1978



SOLVING PROBLEMS
WITH MACHINES

EET BORIS

THE TALKING
.. CHESS COMPUTER

Chew hat been for cvatrioL
'/ d'{-d au
/ u

=-:

chilhen,
This sovohstionary compurer, DORS,
h the pﬂhcwdws m’“
tompanon apponet,
obopl:ln your mrind off S wodd
creund you. So l_ you're

i

Boris chess-player, 1979



SOLVING PROBLEMS
WITH MACHINES
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Boris chess-player, 1980s



SOLVING PROBLEMS
WITH MACHINES

Fantasies
* diplomacy
* generic sequential decision-making

* machine a gouverner



SOLVING PROBLEMS
WITH MACHINES

Problems

* general problems (1959)
* chess-playing

* automatic translation

° computer vision



CHESS-PLAYING MACHINE

DeepBlue, IBM



IBM
MACHINE TRANSLATOR

[MEPEBECTW

IBM Machine Translator, 1964



WIENER’S VISION

Wiener’s insights
. problem-solving machines
2. machines making machines

5. acceleration of progress in making machines



MACHINES
MAKING MACHINES
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Self-reproducing machines




SELF-IMPROVING MACHINES




SELF-IMPROVING MACHINES

Jet.-Jaguar‘defeating Gigan
“Godzilla vs Megalon” (Fukuda,1972)
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SELF-IMPROVING MACHINES

Jet-Jaguar and Godzilla greetings,
“Godzilla vs Megalon” (Fukuda,1972)



MACHINE LEARNING

10 output units

layer H3
30 hidden units

layer H2
12 x 16=192 ., ,

hidden units

layer H1
12 x 64 = 768

hidden units

256 input units

LeNet neural network for digit recognition (LeCun, 1989)

H1.1—

ooooooo

fully connected
~ 300 links

fully connected
~ 6000 links

~ 40,000 links

from 12 kernels

5x5x8

~20,000 links
from 12 kernels

ESXS



WIENER’S VISION

Wiener’s insights
. problem-solving machines

2. machines making machines

3. acceleration of progress



What do you see?

guesses

8
Type the two words: o
ol re CAPTCHA
(2]

Find an
interesting task

sheeps...

\ sheep

Collecting data through social computing and crowdsourcing



LARGE DATASETS

EE BT B ST eA W 0w
ah E® T2V DEls LD SWE )\
W7 P Rl A0 B -, Eta Fiks

mammal - placental - carnivore - canine - dog - working dog » husky

M et @Y P25 M
SHZ ~EE sdt Lok . 0 s
Wl < IR D Eal) s =i

vehicle . craft *  watercraft » sailing vessel »  sailboat *  trimaran

Deng, Dong, Socher, Li, Li and Fei-Fei, “Imagenet: a large-scale hierarchical image database”, CVPR'09.

Hierarchy of classes:

Fine-grained subsets: generally more practical problems

pkidder__ — Vehicle: 262 classes, 226K images

Streamroller

ImageNet Image Classification Dataset



ACCELERATION OF PROGRESS

EE BT B ST eA W 0w
ah E® T2V DEls LD SWE )\
W7 P Rl A0 B -, Eta Fiks

mammal - placental - carnivore - canine - dog - working dog » husky

M et @Y P25 M
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vehicle . craft *  watercraft » sailing vessel »  sailboat *  trimaran

Hierarchy of classes:

Deng, Dong, Socher, Li, Li and Fei-Fei, “Imagenet: a large-scale hierarchical image database”, CVPR'09.

Fine-grained subsets: generally more practical problems

pkidder__ — Vehicle: 262 classes, 226K images

Streamroller

ImageNet Image Classification Dataset



ACCELERATION OF PROGRESS

ImageNet
Large-Scale Visual Recognition
FISHER-SVM Challenge
30 FISHER-SVM++

DDB | N\

Top-5 Error 15 | GG, T T T
ALEXNET
) | o~
CLARIFAINET
GOOGLENET
RESNET
0

2010 2011 2012 2013 2014 2015

Deep Convolutional Neural Nets



Al SCIENTISTS
AS ROCK-STARS

m MUSIC POLITICS TV MOVIES CULTURE SPORTS REVIEWS

LeCun won't say how much money
Facebook has invested in Al, but it’s
recognized as one of the most ambitious
labs in Silicon Valley. “Most of our Al
research is focused on understanding the
meaning of what people share,”
Zuckerberg wrote during a Q&A on his

website. “For example, if you take a photo
that has a friend in it, then we should
make sure that friend sees it. If you take a
photo of a dog or write a post about
politics, we should understand that so we
can show that post and help you connect

to people who like dogs and politics. In
Facebook’s Yann Lecun is an Al order to do this really well, our goal is to
pioneer. Denis ALLARD/REA/Redux build Al systcms that are better than
humans at our primary senses: vision,

Al and Yann LeCun in Rolling Stone magazine



ACCELERATION OF PROGRESS

Strategy

» gather the most talented people

* g1ve unprecedented amount of resources
* focus on particular challenging problems

* anticipate the outcomes of the technology



FUTURE OF Al
SYMPOSIUM

NYU SYMPOSIUM
SCIENCE, TECHNOLOGY,
REASON & ETHICS

http://cds.nyu.edu/ai/



CHALLENGES OF
Al PROGRESS

Potential challenges

* Scientific: safety, control

* Economic: jobs, employment

* Societal: personal assistants, education

e Ethical: values and norms for robots



